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SUMMARY

A study was conducted in the vicinity of salt Lake Ci ty Inte rnational IUrport in
wh ich communi t y residents reported thei r annoyance wi th individual aircraft fl yove rs
during rating sessions conduc ted i n their homes .
Annoyance rati ngs we r e obta i ned a t
different time s of the day . Air c raft noise levels were measure d , an d o ther cha ra c ter istics of the aircraft were noted by trained observers.
Metrics commonly used fo r ass essing a irc ra f t noi se were compared, bu t none
performed s igni. fica nt ly better than A-weighted s o und pressure leve l. A significant
difference was found between t he ratings of commercial jet aircraft and general avia tio n prope ller aircraft, with the l a tter being judged less annoying_
After the
effects o f noise level were accounted for , no signi fic ant differences were found
between the rat ings of landings and take - offs .
Ai rcraft noise annoyance rea c tions are stronger under low outdoor ambient
noise condi t ions t han unde r high outdoor ambient nois e conditio ns. This re lationship
is consisten t with the theory t ha t reduce d nighttime ambient levels may re s ult in
more negative reactions t o ai r craft noise a t night than during the day .
After co ntrolling for ambient noise i n a multiple regression analysis, no significant differ ences were found between the ratings of singl e events o btained during the thre e time
periods: morn ing , afternoon, and e v e ning.

tn contr ast, s ur veya ha ve exami ned community response to long-t e rm aircraft
noi se exposure .
In this approach, each community resident provides a judgment about
a single real ai r c raft noise environment.
However, difficulti es arise because the
noise e nvir o nment is o ften poorly qua ntifi ed (the long-term, year -long noise e nvironment c anno t be directly measured), and, more i mportantly, the noise envircmnents
are not subj ec t t o manipulation . As a result, many charac teristics o f the noise
e nvironme :lts are so highly correlated with each oth er tha t their independe nt effec ts
o n dnnoya nce c annot be determined with any degree o f precision .
Th e p resent study uses a new methociology which , in effect, is a c ombination of
the techniques used in laboratory and community studies . The ba s ic approach is
to bring together small groups of airpor t community residents in o ne of their homes
an d have them mak e annoyance ratings of a large number of aircraft flyovers which
o ccur duri ng the r<lting period.
In this way, it was hoped to gain i nformat ion on
metric s , differences betwe en types of aircraft, differences between modes of operat io n ( t ake-o ff or land i ng), effects of time - of-day, a nd e ff ec ts of ambient noise.
After the aircraft rat i ng sessio n, a question nair e concerni n g annoyance to the longterm noise e n vi r onment at different times of the day was administered to the study
partici pant s.
The question naire was also use d to gather sta ndard demographic
information.

SYMBOLS AND ABBREVIATIONS
B

regression coeff icient (slope)
r egr essio n coefficient for noise level in multiple re gress ion equation
r e gres sion coefficient for misce lla neo us aircraft variable in mult i ple
r egressi o n equatio n

The combinatio n of field and laboratory s tudy te ch nique s used in this s tudy is
most suitable for exami n ing reactions to noi s e when residents may associate important
nonacoustica l attributes (e.g. , type of aircraft or flight maneuver) with the acoustical events.

regression coeff icient for propeller aircra ft variable in multiple
reg r ession equation
regression coe f ficie nt for aircraft, community, or personal variable i n
multiple regression equat io n

INTRODUCT ION

The effective control of aircraft noi se in commun ities nea r airports, whether
accorrpllshed through source noise reduction , ope rational procedures , and/or land use
planning, requires an unders tanding of the relationship be tween the amount of noise
exposure ("dose") and the "response" of the communi ty reside nts.
Such a relationship
may be influenced by many facto rs, incl ud i ng characte r is ti cs o f the aircra ft events
(e . g . , aircraft type, mode of opera t ion , and numbe r of eve nts), characteristi cs of
the airport coomuni ty (e . g ., ambient noise), and characteristics of individual residents (e.g ., sensitivity to noise and attitudes toward airport).

A-weighted soun d pressure l eve l (ref . 1), dB
B- weighted sound pressure l evel (ref.

1) , dB

C-weighted soun d pressure leve l (ref . 1), dB
O-weighted sound pressure l evel ( ref.

1) , dB

day-night average sound pres s ure l eve l (ref. 1) , dB

Two classical approaches have been used t o s tudy human response t o aircraft
noise.
Laboratory studies have examined t he relationship between annoya nc e and the
acoustical characte r isti cs of individual flyoverso
This work led to the develo ..•e nt
of noise metrics (e . g. , effective perceived noise level (EPNL)) which represent, with
reasonable accuracy, the effects of frequency content and duration of jet aircraft
flyover noise on human response.
Laboratory studies have the major advantage of
a llOWing t he experimenter to control the content and mix of the ai rc raft noises .
However , the validity of their findings for a c ommun ity sett i ng can be questio ned.

F.-wei ghted sound pressure level (ref . 1) , dB
equiva lent continuo us sound pressure leve l ; A- weighted sound e nergy
level averaged over a specified period of time (ref.. 1), dB
loudness leve l
PL

(Steve n s Mark VI procedure, ref. )), dB

p e rc eivp.d l evel (S tevens Mark VII procedure, ref. 2) , dB
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PNL

perceived noise level (ref.

p

probability

SIL

speech interference level (ref.

SPL

unwei ghted sound pressure leve l , dB

a

standard deviation

1), dB

1', dB

variance

OVERVIEW OF DATA ACQUISITI ON

Simultaneous noise measurements and annoyance ratings we re obtained for a total
of 293 aircraft flyover s which were divided among the 25 eating ses sions. The
293 flyovers generated a total of 1 164 aircraft noise ratings from the 100 participants who were divided among the 25 rating sessions . Each session was conducted in
a different house (three to six people per house). Each person participated in only
1 of the 25 sessions. Other acoustical and nonacoustical information gathered during
the rating period included aircraft type, aircraft mode of operation (take-off or
landing), time of day, ambi ent noise, participants ' hearing acuity, and demographic
characteristics of the participants.
The study was conducted dur i ng the week of November 17, 1980. The time of day
of the 25 rating sessions was systemati c ally varied in the study design .
1Ul equal
number of sessions were scheduled during the morning (9 a.m. to 12 noon), afternoon
(3 p.m. to 5 p . m.) , and evening (8 p . m. to 10 p.m.) .

STUDY PROCEDURE

The data acquisition team spent a total of 2 1/2 hours at each study site .
In
c hronological order , this period included time for (1) comp l etion of consent forms
(appendix A), (2) placement and c&.libration of indoor and outdoor noise measurement
equipment, (3) ar r angeme n t of seats aroun d on.:: of the indoor noise measurement locations , ( 4 ) distribution of the annoyance recording device a nd instruction in its use,
(5) 1 hour of rating aircraft flyover noise, (6) completion of questionnaires , and
(7) post test cali h r ation of noise measurement equipmen t. Further details concerning
t h e methods of da t.....&. collection are presented in the following sections of this
report.
Through the use of two data acquisition teams, six 1-hour rating periods could
be scheduled per day.
Despite some cancellations, 25 rating periods were completed
withi n 4 1/2 days.

SUBJECT lVE DATA

1Ulnoyance With Individual Flyovers
Participants recorded their noise annoyance ratings on the hand-held respon se
panel showr. i n figure 2. The panel has nine push buttons representing an annoyance
scale from 0 (not annoyed at all) to 8 (extremely annoyed) . A small display located
above the buttons indicates which button has been pushed. A reset button allows a
participant to change his/her annoyance rating within 15 seconds of the initial
response. The exact instructions given to the participants are contained in appendix B. The annoyance ratings were digitally coded and record ed on magnetic tape in
a mo bile instrumentation va n located adjacent to the house.

AIRPORT COMMUNITY

The study was carried out in a small residential community located south of salt
Lak e City Int e rnational Airport (fig. 1 ) . This community of appr oximately 55 houses
(20 0 to 250 resident s ) is located primarily within the Ldn = 70 dB contour. Th e
airport handles appro ximately 250 commercial, 450 general aviation, and 30 military
ope rat ions a day . Of the three runways (34L/16R, 34R/ 16L, and 32) , the first i s used
tor commercial , military , and many genera l aviation operations, the second is uf;ed
mainly for the remaining mili tary opera t ions, and the third is limited to general
aviation movements .

Questionnaire
A. questionnaire was completed by each participant after the rating session
(appendix C) . This s e lf-a dmi ni stere d quest i on na ire gathered data on demographic
characteristics and responses to the l o ng- term aircraft noise environme nt at dif ferent time s of day.

A. tRCRAFT OA'J'''"

Noise Measuremen t
SELECTION OF PARTICI PANTS

Every resident (18 years of age or older) in the selected communlty was eligible
tor participation in the s tudy. 'nle three procedures used to .,,~ximl. :c.e the number of
participants were, in ch r o nological orde r, ( 1 ) a l ette r of invitatio n, (2) contact by
telephone , and (3) on- site visitations. Each resident was thus given an oppor tunity
to partici pate i n the study.
A house was selected as a study site if a minimum of three of the residents at
that house and/or c l ose neighbors volunteered to participate . The 10 1 volunteer
residents , one of whom was not included due to extreme heari n g loss, were assigned to
25 houses . The residents were paid a nominal fee for their participation .

A multichannel FM tape recorder located in a mobile instrumentation van simultan eously re co rded indoor and outdoor aircra ft acoustical data as well as the anno yance respons es . The tape recorder ope rated co ntinuou s ly during each 1-hour rat i ng
pe riod.
Recorded data included the following:
( 1) Outdoor sound pressure levels. 'l'\.io 0.5-in. (1. 27-cm) condenser microphones,
about 4 ft (1.2 m) from the ground s urfa ce , were placed adjacent to each other and
in a poSition that was not acoustically shielded by the house (fig . 3). The gain
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PRETESTS

settings on the two microphone signal amplifiers were set 10 dB apart in order to
maximize the signal-to-noise ratio and to minimize data lost due to instrumentation
overload.

The procedures wet'e pretested before use in Salt Lake City. The pretests
i ncluded (1) administration of the self-completion questionnaire to 96 local Virginia
residents in a briefing room at NASA Langley Research Center (LaRC), (2) simulation
of the community test environment with indoor and outdoor psychoacoustic facilities
at LaRC, and (3) a trial in-home rating session in an airport community home near
LaRC.

(2) Indoor sound pressure levels. Two 0.5-in. (1.2'/-cm) microphones were
located about 4 ft (1.2 m) from the floor surface. One microphone was always placed
in the rating room in the center of t he partiCipants (fig. 4) and the other in th~
center of a remote, unoccupied room, preferably with one wall directly impac'ted by
aircraft noise .

DATA REDUCTION

(3) Microphone signal amplifier gain settings.

The reco rdings of the aircraft flyvvers were an&lyzed into 0.5-second onethird-octave band spectra for calculating noise metrics including unwe ighted sound
pressure level (SPL), A-weighted sound pressure lAvel (LA)' perceived noise level
(PNL), and o-weighted sound pressure level (L o )' Tone and duration corrections were
computed using the FAR 36 (Federal Aviation· Regulation 36) pror.:edure (ref. 4). These
data and the co rresponding annoyance responses and questionnaire da ta were collated
onto computer files.

(4) Annoyance ratings from the response panels.
(5) Aircraft identification. A member of the data acquisition team located
outside the house identified the aircraft.
Information concerning the aircraft typ e
and its mode of operation was digitall} encoded a nd recorded.
(6) Voice annotation.
(7) Time code.

FINDINGS

Aircraft Identification

Dose-Response Relationship

A radar screen located in the airport control tower was used as the primary
source (observers at the study sites were secondary sources) for identification of
aircraft. The following information was recorded for each flyover:
(1) aircraft
type, (2) mode of operation (take-off or landing), (3) time of overflight, (4) runway
used, and (5) flight nwnber.

The relationship between outdoor peak aircraft noise level (in A-weighted decibels) and response to the i ndividual flyovers is summarized in figure 5.
(Appendix 0
contains the count of the individual scores.) The means of the reactions are plotted
for 5-dB increments. Figure 5 also includes the linear regression line which best
f its the 1 164 individual ratings of the flyovers. There is, of cou r se, considerable
variability in the individual responses. The standard deviation of the individual
9-point annoyance scal e scores around the regression line is 2.05 . Part of this
variability in responses arises from factors which were measured in this study and
are analyzed in the r emainde r of this report · Much of t he variability i n response
cannot be traced to a ny of the measured variables; thus, this variability is treated
as random "error" for the purpose of the analyses here.

AUDIOGRAMS

Prior to the study, participants were routinely given a hearing test in a mobile
van containing an audiomet ric booth. Pure-tone test frequencies were 500, 1000,
2000, 3000, 40 0 0, and 6000 Hz. These data were collected in order to determine if
the annoyance responses were influenced by the partiCipant s' hearing loss. One
potential participant was excluded from the study because of obviously severe hearing
10SB.

OUTDOOR AMBIENT NOISE

Mbient noise data were collected out-of-doors during the part of the test session periods when aircraft we4e r.o~ audible. Measurements were made with a commercially available sound level analyzer and a 0.5-in. (1.27-cm) condenser microphone
located about 4 ft (1.2 m) from the ground surface. The microphone was located
about 6 . 5 ft (2 m) from the outside of the house, but not within noise shadows .
An
operator ensured t at o nly nonaircraft noise data were processed. The sound level
analyzer , which has a 60-dB dynamic range, provided direct analysis of the noise
environment in terms of the distribution of LA and L
levels. A minimum of two
samples. each of 1000-seconds' duration. were used to c~7racterize the noise environment during each l-hour test period.

5

BEST DOCUMENT AVAILABLE

These random "errors" are of at least three types: e rt:"ors in an individual's
response ( e. g., not paying attention to aircraft flyover, pushing the wrong button,
and being unce rtain about how to express feelings on a numerical scale) , differences
b etween individuals (e.g., di ffe rent se n sitivities to noise and variations in ot"er
attitudes which affect feeli n gs about aircraft), and uni dentified differ e nces between
groups of partiCipants (e.g. , history of public relations with airport, consensus
about noise based on neighborhood discussions, discussion which occurs d uring the
rating period, and variation in the noise-reduction character istics of the different
houses).
Inasmuch as these variations are present in all populations and t hey cannot be used in setting public policy, the chief i nt erest is in obtaining good estimates of the mean of the responses. 1he precision of the estimate of the average
response is indicated by the two curved lines in figure 5. These are the 95-percent
confidence intervals for the prediction of the mean response at each noise level.
These confidence intervals and all i nductive statistics in this report are based on
a sampling error computation technique (jackknife r epeated replication) which takes
into account the fact that both individuals and neighborhoods may differ in their
responses (ref. 5).

BEST DOCUMENT AVAILABLE
The broad confidence intervals in figure 5 show that the dose-response relationship is not precisely defined with the data from this study.
Reasons for the lack of
precision are explored in the methodological assessment section of this report.
This
imprecision means that on ly variables with ve ry ~trong effects can be examined in
this study . Significance tests and other induct.ive statistics are used to identify
reliable findings.
The relationship between annoyance and noise level in figure 5 is essentially
linear over the 60 - to 100-dB(A) range examined in the study.
The relationship
defined using c ubic equations predicts virtually the same annoyance response (a
difference of less than 0.06 annoyance score points) and does not significantly
increase t h e proportion of variance exp la ined by noise level (p > O. aS). The
annoyance by noise level relationship r emains linear when tone and duration
corrections are introduced a rll~ when other frequency weightings are considered
(PNL,

L

O

'

and SPL).

Noise Metrics
Ten different noise metrics, including tone and duration cor re ctions where
appropriate, were examined.
Th e correlation bet .... een annoyance and each of the
metrics is given for both linear and quadratic equations in table I. Examination
of the table shows that the differen ces between the cor relation coeff icie nts are
generally small. None of the differences in table I are statistically significant
(p > 0.05).
The correlations observed for the widely used A-weighting are not
exceeded by the more compl ex aircraft metric (PNL) or by the tone or duration
correction procedures.

day I but the reaction increases over that period, and (2) the sharp increase in
number at 9 p.m. does not create a corresponding sharp increase in annoyance at
9 p.m. o r even 8 p.m. or 10 p.m. No conclusions can be drawn concerning the relative
impact of nighttime movements (12 p.m. to 6 a.m.) because of the lack of aircraft
operations during that time period.
Outdoor ambient noise level.- Ratings of t he individua l flyovers at sites with
different outdoor ambient noise levels provide a test of the hypothesis that time-ofday effects can be traced to lowered nighttime ambient noise levels. The hypothesis
is that reactions to aircraft are heightened when there are lowered ambient noise
levels.
A.s a result it is theorized that any difference in day and evening reactions
is simply a function of differences in ambient noise levels.
nuring each aircraft rating period, the outdoor ambient noise level was measured at the site.
Ambient t..eq levels, excluding aircraft noise, ranged from 43 to
73 dB. The highest levels were obtained at sites near a railroad and at sites near a
busy street with some heavy veh icle traffic; These higher ambient noise level sites
thus also had the most variable ambient noise levels.
Figu re 8 gives the average of the ratings of aircraft flyovers in three dif ferent ambient noise level groups.
In general , ratings of aircraft noise annoyance
in crease as ambient levels decrease. The apparent interaction between ambient level
effects and aircraft noise leve l effects <ambient noise does not appear to affect
annoyance at the lowest aircraft noise levels) was found to not be statistically
significant (p > O. 05). The curves in figure 8 show there is a great deal of variation in responses which has not been explained by either aircraft or ambient noise
leveL
In order to take account of that variation an d to represent the noise levels
continuously instead of in the crude l a-dB groups of figure 8, a more detailed analysis is presented in table II.

Time-of-Oay Effects
Several approaches are followed here to estin~te the effects of the time of day
at which aircraft noise is heard . Conventiona l survey questions explored reactions
to the long-term average noise environment.
The ratings of individual aircraft
during the testing session were then used to explore two possible explanations for
time-of-day effects; t.he effect of ambient noise levels (levels are generally lower
at night tha n at other times of day in residential areas) and the possibi l ity of pure
time-of-day differences such as circadian rhythm effects .
Rating of long-term noise environments .- In the post-ra ting-session questionnaire, participants rated their long-term aircraft noise annoyance for each hour of
the day that they routinely spent at home (question 23, appendix C).
In figure 6
annoyance during the evening hours is significantly greater than during the daytime
(p < 0.05). This difference could, of course, simply reflect differences in aircraft
noise exposure during a typical day.
If the hourly average peak noise level from
aircraft is assumed to be reasonably constant, any differences in noise exposure are
simply due to the numbers of flyovers.
Figure 7 presents t:he average number of
scheduled operations for each hour of the day for weekdays and for the weekend.
The
obvious peak in the number of flyovers during the evening (9 p.m.) is the equivalent
of about a 2- to 3-dB increase in Leq, if the energy equivalent model implicit in
Leq is accepted.
One possible explanation for the h eightened evening reaction is
thus the 2- to 3-dB increase in noise leveL
Two patterns in the data do, however,
support the interpretation that heightened evening reaction is not simply explained
by the high number of movements at 9 p.m.:
(1) the number of aircraft movements from
4 p.m. to 7 p.m. does not exceed the h ighest movement levels at other periods of the

Table II presents the ba sic data for the effects of community, aircraft, and
personal variables on noise annoyance with individual aircraft flyovers.
The statistics for the ambient noise level analysis serve to il lu strate the information
which is available for all variable s.
In the ambie nt n oise level row of table II , the first column shows that ambient
noise level is coded in t.. . The second column shows that 90 percent of the observations in the sample are 6~tween ambient Leq values of 46 and 67 dB. The next
fiv e co lumns give the parameters from the multiple regression of the 9-point annoyance scale on aircraft noise level, aircraft type (partial regression coefficients
for aircraft type represent deviations from the jet a i rcraft reactions), and the
particular characteristic presented in the first column (in this case, ambient noise
level).
The standard e rror of each estimated partial regression coefficient is given
immediately below in parentheses. The last three columns of the table present the
estimated effects in terms of a more meaningful unit, the number of decibels of aircraft noise which would bring about an equivalent cha n ge in annoyance .
For ambient
noise level, the value of -1.0 indicates that each one unit (1 . 0 dB) increase in
ambient Leq level decreases annoyance by an amount equivalent to 1.0 dB of aircraft
noise . The last column i ndicates that a decrease in ambient Leq from 67 to 46 dB
( a range encompassing 90 percent of the data) has an effect on aircraft noise annoyance which is equivalent to a 21-dB increase in aircraft noise level.
If the -1.0 estimate is correct , it implies that outdoor ambient noise
level has as much effect on aircraft noise annoyance as does the aircraft noise

8
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level itself. Though the effect is sign i ficant (p ( 0.05), the standard erro r of 0.5
(in parentheses in the next to the last c o lumn) indi c ates that the -1.0 estimate i s
too imprecise to be very useful.
(The 95-percent confide nce interval f o r the
-1.0 value is from -0.1 to -2.0.)
Some po s sible e xplanations for a spurious effect were tested. The quality o f
t he amb i ent noise l evel recordings was carefully checked, and the sites were exami ned
t o det e rmine wh e ther the ambient no ise levels could be correlated with any othe r site
charac teristics. The possibility of a st rong nonlinear relationship was re jected on
the basis of an examination of a plot of the residual annoyance scores against
ambient noise level.

l evel. The differences between reactions to nine individual aircraft types in
table III are equally large, but wi t h the small numbers of ratings, the differences
are no t statistically significant.
Figure 11 displays graphically the cont r asting
rea c tions to propeller and jet aircraft.
In table IV there is no evidence that the
use o f a noise metric other than unccrrected LA would reduce the effect of aircraft
type. The slopes of the do se-response relationships for the two aircraft types are
not significantly different (p > 0.05).

Th e evidence in this section i s consistent with an ambient level effect. This
supports th e theo ry that reduced ambi e nt noise levels in evening or nighttime hours
c ould create greater annoyance or other negative reactions and thus explain differing
reactions at different times of day.

Though a lesser reaction to propeller aircraft is consistent with results from
labo rato ry work (ref. 8), the fie l d study estimate of 12 to 15 dB is greater than the
laboratory study estimate of about 4 to 7 dB. The large discrepancy in the s ize of
the prope ller e ffect estimated in the laboratory and fie l d studies could easily be
due t o the imprecision of the field estimates as i n dicated by the standard errors in
table IV.
Differences in reactions could also derive from differences between laboratory and field s~ttings.
In the field setting, participants may well have been
more aware of other characteristics of the propeller aircraft such as their small
size and us e in general aviation as opposed . to commercial operations. Thus the dif feren C'~ in f i eld reactions might also be due to attitudes toward the noise source as
well as to difference s in the acoustical characteristics. A major advantage of the
methodology used i n this study is the ability to examine reactions when nonacousti c al
attribute s are associated with acoustical events.

Ti me of day of rating sessions . - Aircraft noise rating sessions were equally
d i vide d amo ng thr e e time periods: morning, afternoon, and e vening. nte study deSign
ma d e it po ss i ble to co ntro l for ambient noise levels. As a result the between-period
c omparison s add r ess th e potential methodological problem of whether ratings might be
af fec t ed by t he time of d ay during whi c h rating sessio ns are helrl. These comparisons
do not add r ess the po tential effec t of differ i ng activity patterns at different times
o f day .

It shoul d also be noted that at salt Lake City the two types of aircraft are
c o mbined in a single environment . The airport is probably regarded as mainly a comme rcial airpo rt by resident s .
It is not possible from the present evidence to deter mine whethe r the lessened reactions to general aviation ( p r o p eller) aircraft woul d be
found aro u n d a predominantly general aviation airport whe n: t h e re are many training
fli ghts on e stablished circuits and where the residents might have different attitudes t o wards the importance of recreati o nal flying .

Redu c ed aircraft noise annoyance in high ambient noise e nvironments is consistent with several aircraft noise rating experiment s in laboratory settings
( refs. 6 and 7). Howe ve r, the ambient effect was much weaker in the laboratory
setting. Similar ambient level effects have not been present in other field st udies.

The gr aph o f the r e a ctio ns at dif f erent times of day in figure 9 suggests a
time - of - day e f fec t, bu t a r egre s sio n a naly si s f o und that the effect is not statistically significant .
(On the ave r a ge, i n comparison with afternoon reactions, the
morning reaction s were the equivalent o f 4 dB more annoying , and evening ratings were
the equi v a l en t of 10 dB mo r e anno y i n g.) Similar estimates were obtainerl when ambient
no i se level was di r ectly i n c lude d i n a mUltiple regressi o n .~ quation with the time
period.

Personal Charac teristics
The e s tima ted effects o f s ix pe rsonal characteristics are presented g raph i cally in f igures 12 to 17. The multiple regre SSion analyses in table II s h ow that
estima t es o f t he variables are very imprecise. Only the effect of age is stati s ti cally si gn i fic a nt (p ( 0.05 level) . The age effect is reduced but still statistically significant when i t i s c o ntrolled for two correlated variables, hearing loss
and l e ngth of re side nce , in a mult i ple regression analy s is.

Air c raft Chara c teristics
Several different types o f a i rcraft an d aircraft ope rati o ns c ould be studied
with the ratings made by t he par tiCipant s in the s tud y.
Although the partiCipants
were unable to observe the ai r c raft visually, i t is likely that, as residents of this
airport community , t hey we r e a b l e t o u se a c oustic al cue s t o distinguish among types
of aircraft and ope r ation s.

ASSESSMENT OF METHODOLOGY

In-ho me, field ra t ings a r e not often u s ed in noise annoyan ce studies . Thus o ne
objective of thi s s tudy was t o a s sess the methodology. This a sse ssme nt will cons ider
the effect of s tudy de sign v a riables a nd th e prec i s ion of the s tudy e s tima tes .

P.ffects o f type of ope rati o n (take-o f f or landing) were examined (figure 10 and
table II). A.ny dif f erences i n rea ction s were not found to be statistic ally signific ant at the p ( 0. 05 level.

Ef f ect o f Study Design Variables
Laborato ry studie s ofte n di s card ratin gs made dur i ng a s hort practic e pe ri od
befo re the main test. Fo r thi s s tudy, all rati n g s were retain e d.
In thi s s tudy
there is a moderate s ize d, but no t si gni f i c ant, tendency (p
0.11) for a nnoya nce
scores to increase by the equivalent of 0.8 dB f o r each add itional flight. Th e
apparently shallower s l o p e f o r the first fl ight in figure 18 steepens a nd c l osely

The reactions to dif f e r e nt airc raft t ypes, after controll i ng fo r noise level,
are given in t a ble III i n t e r ms o f both the deviat i ons from mean annoyance ratings
and the decibel equivalen t o f these deviations . The overall c o ntrast between propelle r airc raft an d je t a i r c raft i s statistically significant at the p = 0 . 05

;:!l
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parallels t he slopes for the rest of the f l i ghts whe n ai r c raf t type is also i ncl uded
in the mul t ipl e regression analy s is. COnsideration of th e o r der of th e j udgments
Cooes not affect the study conclu sions presented above.
Respondents ' ratings were made i ndoors , but as is standard in field surveys , the
noise measurements use d in the a nalysi s were made outdoors. The indoor measurements,
wh ich were described ea rli e r, we r e fou nd to include too muc h internally generated
noise to be reliable i ndicators of indo or aircraft n o ise levels. After considering
the study procedures, it. has been concluded that the mo st pro misi ng method for estimating indoor levels f o r in-house rating sessions would be to adjust t h e outdoor
measured levels for the Known noise - reduction characteristics of the structure . The
noise reduction would , however, have to be measured when no people were in the hou se .
Inasmuch as differences between noise-reduction charac teristics of hou ses have
affected t he study results , the effect will be to underestimate somewhat the e ffect
of noise level on human response . The range of noise reduction afforded by houses
with wi ndows closed in cold climates is about 11 dB (from 23 to 34 dB(A) with a
standard deviation o f about 3 dB, ref. 9) . With the large variance of the outdoor
noise levels in t his study (0'2 = 95) , a 3- dB standa rd deviation in house -attenuation
values wou ld introduce o nly about a 10-percent underestimate of t he noise level
partial regre ssion coefficient or the squared multiple correlation coefficient (i.e.,
percent of variance explained by noise l evel) .

9 points u sed i n th e in- home sturly; s ee part A of table V), par t of the difference in
th e sta ndar d deviations may be due t o the scale scoring. Unde r the assumption that
r espo ndents would be equally liKely to fil l up both scales (i.e., in-home standard
dev i atio n s h ould be multiplied by 11 / 9, or 1. 22), the subjects' differences would
still be greater in the l aboratory, though the flight-to-flight di fferences would be
elimi nated . The a nalysiS thus shows that subjects give equal o r more consistent
ratings i n the in-home study than they do in the laboratory .
One pattern in the resi dual annoyance scores does help to explain the different
a ccur acies o f the two studies; the ratings (even after being controlled for noise
level) vary greatly from hou se to house in the salt La ke City study ( "group differe nces" in table V). This variation sharply contra sts with re Sults from th:! laborat ory study sessions , where as shown in the first line in part C of table V, the
sta ndard deviation of the laboratory study group effect is one- fourth that of the
field study. The most li Ke ly but untested explanations for the in-home group e ffect
are that si.mi l ar respo nse s we r e c ause d by (1) visual or spoken interaction between
participants during the te s t session, (2) s~cial intp.raction between the pr ~v iously
acquainted participan"; s preceding the test, and (3) :..imi larities i n personal characte ristics o f part icipants, including r e latives, at particular si t es . separat e analyses found that the group c1ifferences could not be explained by the ef fects of th e
test anministratio n t ea m, ambient noise levels at sites, diff e ring proporti o ns of
prope ller and jet aircraft, o r house-attenuation diff.erences ari s i ng from the use of
outdoo r measuremen t s for indoor rat i ngs .
Another lar ge difference between the performances of the l aboratory and in- home
s ubj ec t s is the rate at which annoyance increases with noise level· The slope of the
l abora tory r e gr ess ion li ne (8 = 0.23 in part 8 of table V) i s almost 3 times as
s t eep as that of the in-home ~tUdY regress ion line. A s ub sta nt ial difference pe rsists eve n when the e ffe ct of the co rr ela tion between sub ject and noise level in t he
in-home study is removed (B = 0.13 in footnote b of table V). This does not affect
the standard error s of the ~oise l eve l regression coefficient (0'8) ' but it does

Precision of Study Results and Individual Consistency
In tabl e II it was seen that though personal , aircraft, or community variables
are o ft en related to annoyance, the estimates of the relationships are quite impr e cise. The 95-percent confidence i nterval s are the equivalent of at least ±8 dB for
aircraft type , operation type, daytime l ocation, and home ownership. Much mo re precise estimates are c learly desirabl e.

L

More precise estimates are commonly obtained in laboratory studies. One
such study (ref. 8) , has been rea naly zed for comparison with the Salt LaKe City
in-home survey. The 2 to 4 times greater precision of the laboratory study
r esults is obvious from comparisons of the s tandard errors ~L'
~p' and
-~
-~
°CBpIBL)

contribute to the imprecisio n in the estimates of the rati os of the regression coeffici e nt s (e.g. , the value of a
= 7
for th e decibel equivalent of the

of the regression coefficients in table V. Several explanations for the relatively
low prec ision of the in- home study results have been conside red.

The di fferences in the slopes and predicted va lues suggest that while the
subjects in the laboratory tend to uti li ze a large port ion of the scale for their
riltings , the in-home s ubject s co nfine their ratings t o the lower annoyance levels.
The in- home subjects may be u si ng the sca l e in an absolute sen se (i.e ., they are not
actually annoyed by aircraft). Another possibility is t hat the in- home subjects are
reserving their gr e atest relative anno yance ratings for either higher noise levels
than wer e experie nced d u ring the rating period or fo r i n stances when the aircraft
see m more annoying (e.g., when a valued activity is interrupted).

CBp /BL)

propeller/jet differences in tab l e V).

The designs of the two studies are compared in several important respects in
part A of table v. The in-home study design is superior in three respect s:
more
study groups (sites or sessions) , more subjects, and a greater range in noise
levels. 'nle laboratory study design is supe ri or in two very critical aspects:
the
total number of r a t ings (6 times a s many ) and th e very low c orre lation between noise
level and aircraft type. The high correlation i n the i n- home study (r ::s 0.58) is o ne
factor which contributes to the large standard erro r o f the decibel equivalent of the
propeller/jet difference (0
in part B of table v).
CBp/BL)

Gi ven the contrast between the commu nity setting and the labora tory setting, it
might be expected that the more emotionally detached laboratory subjects would perform better and exhibit less variation in thei r ratings. However , i n the last two
lines of table v, i t is seen that it is the laboratory study s ubje c t s who exhibit
t he greater subject-tcrsubject and flight-tcrflight rating inco nSi stency. Since
the laboratory study annoyance scale was sl ightly longer ( 11 points rath e r than the

session.
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The precision of any future s tudies could clearly be increased if more flights
were rated by each individua l. Careful attention to the expected correlation between
indepe ndent variables is also ne eded . The solution to the larg~ study- site effect is
not clear . Three procedures which might decrease site effects would be to (1) not
i nclude subjec ts who live in the same household, (2) have the expe rimenter rathe r
than the houseowner sel ec t subjects (the houseowner is more l iKely to select only
well-Known friends), and (3) restrict between-subject interaction during the rating

12
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APPENDIX A
CONCLUSIONS
CONSENT FORM

None of the other metrics commonly used for assessing aircraft noise performed
significa ntly better than A- weighted sound pressure l evel.
or tone corrections y ielded no impr ovement.

The addition o f duration

NATIONAL AERONAUTICS AHO SPACE AIJIINISTRATlOII
LANGLEY RESEARCH CEtITER

A significant differ ence was found between the ratings of commercia l jet
ail:craft and general aviation propeller aircraft, with the l atter being judged less
a n noying, r ega r d le ss of t h e noise metr ic used.
No significant differences were found
between the ra t ings o f landings and take- ofEs after controlling for noise level.

Experimental Consent Form
I understand that I will be asked questions and participate in experiments

Airc raft noise annoyance reactions are stronger under low outdoor ambient noise

about the effects of aircraft noise on people .

conditions than unde r high o utdoor ambie nt noise condition s . This r elationship is
c onsistent with the theory that re duce d nighttime a nd evening ambient l eve ls may
re sult in more n egative r eactions to aircraft noi se at night than during the day.
After controlling for ambient noi se in a multiple regression analysis, no significant
differep..ces we r e found between the ratings of si ngle events obtained duri n g the three
t i(;'!'!. periods: morning, afternoon, and evening.

I understand that I NY with ..

draw from these experiments at any time by a simple request to the i nvestigators .
unders tand tha t a lthough my name is recorded on the form . my name will be
separated (permanently after 3 months) from the answers to insure complete
confidential ity .

Several analyses compared the preci sion of the results of t his s tudy with those
from a labo rato ry study which examined annoyance t o propeller and jet aircraft.
Subjects in the homes were at least as consistent in rating a i rcraft no ise as were
subjects in the laboratory. :Iowever, the laboratory study estimates were more precise. A majo r source of va riabi l i t y present in the in-home sessions but not in the
labor.' itory study is attributable t differences between the houses and/or groups of
participants i n the in-home study.

Information for residents :
General:

The primary purpose for this investigation is to define a precise
relationship(s) between subjective r esponse and physical noise of
an airport connunity .

This infonnation wil l lead to programs to

optimize the reduction of aircraft noise through aircraft~a1rport

The in-home rating technique used in this study is most suitable for examining
reactions t o noise when res idents may associate important nonacoustical attributes
(e.g. , type of aircra ft or flight maneuver ) with the acoustical events. For the
potential of the study method to b e reached in the future, the precision nrust be
increased by ensuring tha t more aircraft f l yovers are rated by each partici pant, that
the maj o r independent variables i n the study are not hi ghly correlated with each
other, and that the study- s ite effec t can be reduced.

operati ons. land-use planning. and aircraft design .
Routine statisti cal use of information:
Court proceedings ... In the event there is a pending court of formal
adm i nistration proceedings. information may be disclosed to the Department
of Justice or other agency for purposes of representing the Goverment . or

La ngley Research Cente r
National Aeronautics and Space Administration
Hampton, VA 23665
Ju ne 15, 1983

in the course of pres enting ev idence. or they may be provided to partles or
counsel involved in the proceeding in the course of pretrial discovery.
Other sources.- Information of this study will be disclosed to other
individuals or orga nizations , including federal, state . or local agencies
and nonprofit educational or private entlt1es. who are participating 1n NASA
programs or are otherwise furthering the understanding or Ippl ication of the
data.

However, complete confidentiality of data sources is assured.
(Signature)
(Oate)
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APPENDIX B

APPENDIX C

INSTRUCTIONS FOR USE OF RESPONSE PANEL

QUESTIONNAIRE ADMINISTF:RED AFTER TIlE RATING SESSION

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
COMMUNITY NOISE SURVEY

ANNOYANCE EVALUATION INSTRUCTIONS (SINGLE)

This information collection is authorized by the Federal Aviation Act of 1958, Section 311. Your

participation in this survey is entirely voluntary. However, your. cooperation is very important because

I would now Hke you to evaluate the amount of annoyance you associate
with aircraft noises .

your opinion will represent thousands of other households

The amount of annoyance should reflect your reaction

to the noise at this time.

1.

At the end of an aircraft nOise. you can evaluate

the annoyance of the noise with your hand-held response panel .

Age _ __ __

2.

In

MALE

thiS area.

0

FEMALE

0

3. What is your cu rrent home address : (Do not show house nu mber)

Street

You push

State

one button to indicate your annoyance for each aircraft noise.

Does the head of your household : (Check J )

5.

Compared to when you first moved into this home (for examp le. first month). has your annoyance
to aircraft noise: (Check J )

OWN _ __

o Buttons are labeled "0" through "B."
o Push the "0" button if you are not annoyed at all.

Zip Code

4.

RENT _ _~

Increa sed? ~~~_

o Push t he "B" button if you are extremely annoyed.

Decreased? _ __

o Push buttons between "0" and "B" to indicate· amounts of annoyance

Remained the same? ~~~
Don't know _ _ __

between these two extremes.

~

6. How many miles (approximately) do you travel to work : _ _ _ __ __
7. How many airplanes do you hear at work on a typical day? (C heck J HCheck not appropriate if you

o NOTE:

Push the "0" button when you hear an aircraft noise. even if

do not work away from home.)
None _ _ __

you are not annoyed.

1 to 4 noises _ _ __

5 to 10 noises _ _ __

o Each time a button is pushed. the number you pushed will appear in

Greater than 10 ~~~_
Not appropriate _ _ _ __

the upper panel window.

8. How man y years have you lived at you r current address? _ _ _ _ _ __

Before we start the test. push a couple of buttons for practice .

If less than 10 years, go to Question 9.

If more than 10 years, skip to Question 12.

Notice that you have to wait a couple of seconds before pushing the button

9. What was your previous address : (00 not show house number)

for another aircraft.

Street
City

State

10. How many years did you live at your previous address? _ _ __ __

ARE THERE ANY QUESTIONS?

11. Was your previous address wi thin 10 mi les of an airport ? (Check J )

Yes _ _ _

15

16

No _ _ _~

Zip Code

I\.PPENDIX C
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APPENDIX C

12. Do you or a member of your househo ld now work for : (Check J. one or morel

20.

An a irport _ _
Mili tary aviation _ _ .
An ai rline company _ _

TIME OF DAY

Other aviation related job _ _
An aviation industry _ _
None of the above _ _
13. In the past, did you or a member of your household work for: (C heckJ. one or more)

An airport _ _
Military aviation _ _
An airline company _ _

Other aviation related job _
An aviation industry _ _

For the days of the week you routilMty spend _.y trom hom•• or wor k away from home.
indicate the fo llowing ..... ith a checkmark (../1 :

AT HOME

NOT AT HOME

TIME OF OAY

7 a.m.

7 a.m .

8 a.m.

8

9 a.m.

9 a.m .'

a.m .

MORNING
10 a.m.

_

None of the above _ _
14. Do you or a member of you r household have a pilot's license? (Check';)
Yes _ _ _
No _ _ __

10 a.m .

11 a.m.

11 a.m .

'2 noon

12 noon

1 p .m.

1 p.m.

2 p.m.

2 p .m.

15. Indicate your an noyance to commercia l jet noise (Circle).

NOT ANNOYED
AT ALL

o

6

8

EXTREMELY
ANNOYED

16. IndiCate your annoyance to helicopter noi se (Circle).

NOT ANNOYED
AT ALL

o

6

o

3 p.m.

4 p .m.

4 p .m.

5 p.m.

5 p.m.

EXT REMELY
ANNOYED

6 p.m.

6 p .m.

7 p.m.

7 p.m.

EXTREMELY
ANNOY ED

8 p .m.

B p .m.

17. Indicate your annoyance to small , propel ler.-driven airplane noise (Circle) .

NOT ANNOYED
AT ALL

3 p.m.
AFTERNOON

18. Indicate your overall annoyance to airplane noise of your neighborhood (Circle) .

9 p .m.

9 p.m.

EXT REMELY
ANNOYED

10 p.m.

10 p.m.

19. I ndicate the days of the week that you routinely spend away from home or work away from home
(Circle).

11 p.m.

11 p.m.

12 p.m.

12 p.m .

EVENING

NOT ANNOYED
AT ALL

None

o

Mon

6

Tues

Wed

Thurs

Fri

8

Sa,

Sun

If you circle none - skip to question 22
If you circle any days of the week - continue with question 20

LATE NIGHT

.

17

1 a.m .

1 a.m.

2 a.m.

2 a.m.

3 a.m.

3 a.m.

4 a.m .

4 a.m.

5 a.m.

5 a.m .

6 a.m.

6 a.m .
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SLEEPING

NOT SLEEPING

APPENDIX C
21 .

APPENDIX C

~or.

Ihe days of Ihe week you routinely spend . way Itom home, or work away from home,
md lcale your annoyance 10 aircraft noise al diffe rent time s of the day Ie rele numbed .
NOT ANNOYED
AT A LL

22.

EXT REMEL Y

For the days of the week you routinely spend

TIME OF DAY

AT HOME

It

kame, indicate the follow ing With a checkmark IJI :

NOT AT HOME

TIME DF DAY

ANND YE D

7 a.m.

7 a.m.

7 a.m.

8 a.m.

8 a.m.

8 a.m.

9 a.m.
10 a.m.

9 a.m,

9 a.m.

10 a.m.

10 a.m.

MORNING

MORNING

2.

11 a.m.

11 a.m.

11 a.m.

12 noon

12 noon

12 noon

1 p .m .

1 p .m.

1 p.m.

2 p.m .

2 p .m ,

2 p .m .

3 p .m .

3 p .m .

3 p.m.

4 p.m .

4 p.m .

AFTERNOON

AFTERNOON

4 p.m .

5 p.m .

5 p.m .

5 p.m .

6 p .m .

6 p.m .

6 p.m .

·7

7 p.m .

7 p.m .

7 p.m.

8 p.m .

8 p,m .

8 p .m.

9 p.m .

9 p .m.

10 p.m .

10 p.m .

11 p.m.

11 p .m .

11 p .m.

12 p .m .

12 p .m.

12 p .m .

1 a.m.

1 a.m .

1 a.m.

2 a.m.

2 a.m.

2 a.m.

9 p.m.
EVENING

EVENING
10 p.m .

3 a.m.

3 a.m.

4 a.m.

4 a.m.

4 a .m.

5 a.m.

5 a.m.

5 a.m.

6 a.m.

6 a.m.

6 a.m.

3 a.m .

LATE NIGHT

LATE NIGHT
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SLEEPING

NOT SLEEPING

APPENDIX C
APPENDIX 0
23.

For the days of the week yOU routinely spend at home. indicate your annoyance to aircraft
noise at d iffere nt times of the day (Circle num bed.

SUPPORTING DATA

EX TREMelY

NOT ANNOYED

AN NO YE D

AT ALL

7 a.m.

TABLE 01 . - NUMBER OF RATINGS IN EACH NOISE AND
ANNOYANCE CATEGORY

e a.m.
9 a .m.

MORNING

r

10 a.m.

43-49

12 nOO:1

,

Number of responses for
peak noise level, dB(A), of

Rating on
annoyance
scale

11 a.m.

p.m.

8

2 p.m.

7

14

6

27

5

25

4

7 p.m.

16

50-54
4

55-59

60-64

65-73

12

0

0

18

20

1

9

18

29

8

10

17

19

10

8

35

25

47

40

12

3

28

39

32

53

14

8 p.m.

2

20

59

46'

40

25

9 p.m.

1

19

45

33

30

33

3 p.m.

AFTERNOON
4 p .m.
5 p.m.
6 p.m.

f VENING
10 p.m.

0

39

59

49

42

35

Total

223

284

287

224

146

11 p .m.
12 p.m.

,

a.m.

2 a.m.

3'

3 a.m.

LATE NIGHT
4 a.m.
5 a.m.
6 a.m.
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TABLE I.- CORRELATION BETWEEN ANNOYANCE ANO VARIOUS NOISE METRICS

Correction
None

Equation
form
Linear
Quadratic

Tone

Multiple correlation coefficient for annoyance ratings and
SIL

SPL

0.422

0.363

0.419

0.385

0.363

.422

.366

.419

.386

.353

.414

.354
.406
.407

Linear
Quadratic

Duration

Linear
Quadratic

PNL

PL

0.407

0.405

0.405

0.406

0.406

.366

.407

.405

.405

.406

.406

.377

.354

.401

.400

.399

.400

.399

.414

.377

.355

.401

.400

.399

.400

.399

.350

.401

.374

.351

.395

.390

.381

.391

.377

.357

.401

.377

.358

.395

.390

.382

.391

.378

LA

LB

LC

LO

LE

LL

TABLP. 11.- EFFECTS OF COMMUNITY,

COll!llllnity,

AIRC~PT,

AND PERSONAL CHARACTERISTICS ON REACTIONS TO

Estima ted decibel equivalent
effect and ( stan<lard error) for -

(a)

(a)

range
for

v

Intercept

Aircraft
noise

level ,

Aircraft ty pe
Miscellaneous ,

BL
Ambient noise

46-67 dB

Leq

Operation type
1 • Landing
o • Take-off

0- 1

Daytime location
o = At home
1 = Not hOllle

0-1

Length of r e sidence

Home ownership
1 = Own
0 • Rent
Age of respondent

Sex
0 .. Female
1 • Male
Hearing lossb

2-)0 years

0 -1

20-60 years

0-1

)-52 dB

BIft

Characteristic
' (see column 1),
Propeller,
Bv
B
p

Bp/BL

Characteristic
(see column I),
Bv/BL

Propeller,

90 - percent
range for
cha racteristic v
(see column 2)
21

0.08*
(0 .02)

-0.21
(0 .87 )

-1. 00*

(0 . 40;

-0.08'
(0.0)

- 13
(8)

-1.0
(0.5)

0 . 08*
(0.02)

-0.08
(0 . 66)

-0.86'
(0 . )))

0.2)
(0 . 59)

-11
( 5)

(7)

-) .24

0.08*
(0.02)

-0.16
(0 .61)

-0.91*
(0.)7)

- 0 . 55
(0 . )8)

-1 2
(6)

-7
(5)

7

).16

0.08*
(0.0 )

-0.09
(0.75)

-0.90*
(0 .39)

-0.02
(0.02)

- 11

-0.2
(0.) )

7

(7)

-).1 5

0.08*
(0 .0 2)

-0. 0 7
(0. 74 )

-0.89*
(0.40)

-0.)8
(0 . 48)

-11
(7)

-5
(6)

5

- 2 . 27

0.08*
(0.02)

-0.07
(0.74)

-0.86*
(0.37)

-0.02
(0 . 01)

-1 1
(6)

-0.3*
(0.2)

13

-).17

0.08*
(0.02)

-0.16
(0.6 4 )

-0.91*
(0 . 38)

-0.16
(0 . 29)

-12

-2
(4)

2

(7)

0.08*
(0.02)

0 .04
(0.70)

-0.72*
(0 , 34)

-0.02
(0.01)

-9
(5)

-0 . 2
(0.1 )

11

1.1 6

-). 78

- ) .43

aS~tistical significance as follows:
p • 0.05
'p . 0 . 01
*p . 0.001
btxcludes 101

(MULTIPLE RP.GRP.SSION ANALYSIS)

Partial regression coefficient, B, and
(standard error,
aB) for 90- percent

aircraft,
or personal
characteristic,
v, and coding

NO!~E

ratings by 12 people without audiogralftS.

)

)

TABLE III.- EFFECT OF TYPE OF AIRCRAFT ON ANNOYANCE
Deviations from predicted
annoyance expressed in
Type of aircraft

~----------~--------------------i Number of

Annoyance
scores

Decibel equivalent
annoyance units

ratings

(a)

(b)

DC-9

1.4
.3
•1
•1

Light jets

-.2

18
4
2
-1
-3

39
369
298
89
34

-.8
-.8

-10
-10

142

Jet
B-707, KC-13S, DC-8
B-727
B-737

Propeller - general aviation
One-engine propeller
Two-engine propeller
Miscellaneous
other flights
(hel i copter, military
f i ghter jets, etc.)
Ground operation s

110

.5

6

37

.4

-5

46

aAnnoyanc e s cores are calculated from a regression in which the aircraft
types are represe nt e d by dummy variables and aircraft noises are measured
as LA . The annoya nce s cores are deviations above or below the average annoyance level regression line.
bThe decibel equ ivalent annoyance units are calculated by dividing the
annoyance score de viatio n i n the first column by the partial regression
coefficient for noise l evel ( ~ = 0.077).
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TABLE IV.- EFFECT OF AIRCRAFT TYPE FOR SIX METRICS
Aircraft type definitions are given in table III. Since the jet aircraft]
are not represented with a dummy variable, the miscellaneous aircraft
and prcp9ller aircraft partial regression coefficients represent
[ deviations from the jet aircraft

B, and

Partial regression coefficient,
(standard error,
O'B) for
(a)
Noise metric and
correction

Propeller
estimated decibel
equivalent effect,
BpIBL

Intercept
Aircraft type
Aircraft
noise level,
BL

Mi scellaneous,

Bm

Propeller,
Bp

(a)

LA' uncorrected

-5.05

0.08*
( .02)

-0.15
( .64)

-0.91*
( .38)

-12
(7 )

LA' duration
corrected

-4.78

.07 t
( .02)

-.30
, .62 )

-.98*
(.45)

-13
(9 )

LA' tone
corrected

-5 .12

.07*
( .02)

-.16
( .63)

-.97*
( .38)

-13
(7)

PNL, uncorrected

-5.85

.07*
( .02)

-.27
(.62)

-1.02 t
(.34)

-14*
(7 )

PNL, duration
corrected

-5.70

.07 t
( .02)

-.41
( .69)

-1.07 t
( .41)

-15
(9 )

PNL, tone
corrected

-5.91

.07*
( .02)

-.28
( .61)

-1.08 t
(.34)

-15*
(7)

aStatistical significance as fo l lows:
*p = 0.05
tp = 0.01
*p = 0.001

TABLE V. -

COMP~RISON

OF THE

I~HOME

STUDY (SALT LAO

I

Pa ra me t e r
Part A:

::: =P8
~~

t

Laboratory study

In- home s tudy

N

Study de81qn

(seui ons) ... . •... . ..•..•...

N-..aber of rat1~;:· ...••.••. . • • ... . . ... •• .••••

: :::::

S~:;;:::~i;:::~· ~;~~~;~;.; i:~~;;: ~; ~;

La~~: ~~ra:~:poan~~t:c:.le lICa(range)
.. . ..... :.::
l e •••• • • • ••••••• •
co:~:~:~:n t::ween nolae level and

......... ....... ....... .. .....

Part 8:

CITY) AND A LABORATORY sroOy

15

25
100
1 164
92 (out side home)

74 (1n rOOlll)

to 8)
"Not annoyed at all"
'"Extrelllely d nnoy.d"

11 (0 to 10)
"Not annoying at all"
"Extremely annoying"

0.58

0 .01

I)

(0

' .8

54
6912
8.2

Reqre ••lon of . n noy.n ~ on noiae level and aircraft type'"

Intercept.... .... .. .. ..... .......... .. ....... I

-3.23

-12.83

• •• •• : . •. •• •••• • • • ••• •

0 .08
(0.02)

0.23
(0.01)

Prope lle r /je t dif fe r ence
8
Sta ndard err or , Osp : . .. ~ .. :::::::::: ::: ::

-0.9 1
(0 . 38)

(0.09)

Bt. •. ••• •••••

Slope ,?f aircraft noise leve l

Sta ndard error,

C1Bt,

34L116R

MILE
0.0

-1.50

Decibel equivalent of propeller/

~::n:!!e~;~~;,

•

Part

c:

~L

. .. . . . . . . . . . ... ... ..

18 ,",-'
p

•••••• • • • . • • •• •••

-12

-7

(7)

(2)

0.5

variations in r esponses a r ound regreaaion line (atandard deviation of reslduaU b

Group ($e.slon ) differences

:it~:\:!:::r:~;;:r;~~;; ... : : : : : : : : : : : : : : : :: :
within individu.llsc

.. ..... .................

w
a For t he in-home study, a third aircraft
ith ~part:al reqre .. i o n coefficient of B _

1.1 5
1.02

0.28
1.59

AIRPORT

1 . 45

1. 72

COMMUNITY

1.0

~~~5 (other) wa s inc luded i n the regre ssion equati

-~~:~::h w:r:l~epresented
r:i:'~

8O~:e i~~=e::~n equation i n which
an~ ~e~eaaion e'1uation

,roup' : : : i":: li'elihood . .ti_tion technique : . ; ned to
interc ept is
by dI.=I"'.f variabl es.
c
within lndividu.l l
·ll
The lab.:.ontory values are -12 .86
The
iik
use a singl e estbwlte o f the

reqres.:~n 8l~ 1~o~t:~: ::~: :;~~:~ividual ettec~s ~lculated

on

here,

Figure 1. - Location of airport community .
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Fi gure 2.- Annoyance response panel.

L-BO-l0,141
Figure 3.- OUtdoor aircraft

JI

no~se

measurement system.

L-8 1-1692

Figure 4.- Indoor aircraft noise measurement system.

BEST DOCUMENT AVAILABLE
o

25

AVERAGE RATI NG IN
EIGHT NOISE GROUPS

o WEEKDAY

- - REGReS SION LI NE (1164 RATI NGSI

o

20

WEEKEND

----- 95 '10 CONFIDENCE
INTERVAL FOR
,/
REGRESSION Ll NE,/ O

AIRCRAFT
MOVEMENT/hr

/

/
/
/

ANNOYANCE

/'~

.... , '

/-6

15

10
",'"

, ""00."'
,. . . .
,. ,,/

---------------- -------

7 8 910 1112 I 2 3 4 5 6 7 8 9101112 I 2 3 4 56

AI RCRAFT PEAK NOI SE LEVEL, dB (A I

MORNING
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AMBIENT NOISE Leq

0 43 - 49 dB

ANNOYANCE

o

4

••••
•••
••
•••• • • •
•

50 - 59 dB

o ~ 60 dB
ANNOYANCE

•

-------------

7 8 9 10 II 12 I 2 3 4 5 6 7 8 9 10 II 12 I 2 3 4 5 6
MOR NING

AffiRNOON

EVENING

EARLY MORNING

~~0-----60~----7LO----_~L-----~L-----lOOL---~1I0

TIME

Figure 6 . - Mean annoyance for each ho ur o f t he da y.
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Figure 8.- Annoyance ratings within ambient noise categories.
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Figure 11.- Relationship between aircraft type and annoyance.
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Figure 12.- Relationship between participants' usual location during
the day and annoyance.

Figure 10. - Relationship between aircraft mode of operation
and annoyance.
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Figure 15. - Relationship between age of participants and annoyance.
Figure 13.- Relationship between participants' length of residence
and annoyance.
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Figure 16. - Re latio ns hip be tween sex o f part i cipants and annoyance.

Fi gure 14.- Relati onship between home ownership and annoyance.
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